Background/Objectives: Diets rich in plant-based foods such as vegetables, fruits and soy foods have been suggested to have beneficial effects on health. However, phytochemicals contained in plant-based foods are generally bitter and acrid. We investigated whether intake of vegetables, fruits and soy foods is associated with sensitivity to bitterness and reluctance to eat new foods (food neophobia) in Japanese preschool children. Subjects/Methods: Subjects of this cross-sectional study were healthy Japanese, 167 boys and 156 girls, aged 4-6 years. Intake of vegetables, fruits and soy foods was estimated from 3-day dietary records. Subjects were classified as either tasters or nontasters of 6-n-propylthiouracil (PROP) based on their ability to taste 0.56 mmol/l PROP. Information on each child's age, height, weight, food neophobia status and food variety, as well as maternal diet and parental control over the child's eating, was obtained by a parent-administered questionnaire. Food neophobia was assessed using the Child Food Neophobia Scale (CFNS). Results: A high intake of vegetables was significantly associated with a low CFNS score in boys after controlling for covariates (P ¼ 0.0008). Among the boys, soy food intake was significantly higher in PROP non-tasters than in tasters, except those with low CFNS scores (P ¼ 0.0019). High intake of soy foods was significantly associated with a low neophobia score in PROP tasters but not in non-tasters (P ¼ 0.0024). Conclusions: These data suggest that sensitivity to bitter taste and food neophobia may influence the consumption of vegetables and soy foods among Japanese preschool boys.
Introduction
Diets rich in plant-based foods such as vegetables, fruits and soy foods have been suggested to have multiple health benefits, including reduced risks of cardiovascular diseases (Ness and Powles, 1997; Joshipura et al., 1999; Erdman, 2000) , diabetes (Ford and Mokdad, 2001 ) and some cancers (Steinmetz and Potter, 1996; Nagata, 2010) . These food groups contain phytochemicals, such as flavonoids, isoflavones, terpenes and glucosinolates (Craig, 1997) . Antioxidant and anticarcinogenic properties (Rhodes, 1996) of these compounds may contribute to the potential health benefits of plant-based foods. However, phytochemicals are generally bitter and acrid (Drewnowski and Gomez-Carneros, 2000) . In particular, bitterness and astringency of soy foods are mainly due to saponins (Okubo et al., 1992) and isoflavones (Kudou et al., 1991) . In addition, main flavors such as beany and bitterness of soy foods result from the action of lipoxygenase enzymes (Wolf, 1975) . A bitter taste is often associated with rejection of food (Rozin and Vollmecke, 1986) .
Eating habits may be formed at young age and, once entrenched, tend to track across childhood and beyond. Intake of plant-based foods early in life may reduce subsequent risks of the above-mentioned diseases. If so, it is important to know the determinants of the consumption of plant-based foods during childhood.
The perception of bitter taste may affect the intake of plant-based foods. The ability to taste bitter thiourea compounds is inherited. Sensitivity to bitter taste can be measured by using the substance 6-n-propylthiouracil (PROP; Drewnowski and Rock, 1995) . Individuals who are sensitive to PROP at low concentrations are classified as PROP tasters. Some studies have found that PROP tasters do not like vegetables, such as raw spinach (Turnbull and Matisoo-Smith, 2002 ) and broccoli (Keller et al., 2002; Bell and Tepper, 2006) , and soy foods (Gayathri Devi et al., 1997) . Two previous studies assessed the relationship of usual consumption of vegetables and fruits with PROP sensitivity in children, but neither study found significant associations between them (Keller et al., 2002; Lumeng et al., 2008) . There has been no report on the relationship between PROP sensitivity and soy food intake in children.
On the other hand, food neophobia, the rejection of foods that are novel or unknown, may be one of the determinants of vegetable, fruit and soy food intake. It has been suggested that children will naturally reject bitter-tasting foods to avoid eating potentially poisonous plants (Pliner and Hobden, 1992; Drewnowski and Gomez-Carneros, 2000; Dovey et al., 2008) . This natural rejection might lead to food neophobia. Several studies have reported that neophobic children have lower consumption of vegetables and fruits than non-neophobic children (Cooke et al., 2003 (Cooke et al., , 2004 (Cooke et al., , 2006 Wardle et al., 2005; Coulthard and Blissett, 2009 ); however, all of these studies were conducted in western countries and none of them included soy foods. Furthermore, PROP status may modify the relationship between food neophobia and food consumption and vice versa. However, the interrelationships of sensitivity to bitter taste, food neophobia and plant-based food intake have not been assessed.
In the present study, we aimed to investigate the relationships of PROP sensitivity and food neophobia with intake of vegetables, fruits and soy foods in Japanese preschool children.
Subjects and methods

Study subjects
This study was a part of a larger designed to assess the relationships among lifestyle, environmental factors and children's health. Subjects were children who attended one of two preschools in Aichi Prefecture, Japan, in 2006. Of 533 preschool children aged 3-6 years, 459 (86.1%) agreed to be enrolled in the study, with their parents providing written informed consent. We restricted study subjects to children who were 4-to 6-year old and whose parents had completed a questionnaire, dietary records and gustatory testing. A total of 323 children (167 boys and 156 girls) were included in the present study. Two children whose parents reported that they had had an allergic reaction to soy foods were excluded from the analyses regarding soy food intake. The study protocol and the informed consent procedure were approved by the ethical board of Gifu University Graduate School of Medicine, Gifu, Japan.
PROP classification
Each child's PROP taster status was determined by using a procedure developed by Keller et al. (2002) ; Keller and Tepper (2004) . Subjects were classified as either tasters or non-tasters of PROP based on their ability to taste 0.56 mmol/l PROP (6-propyl-2-thiouracil, Sigma-Aldrich Inc., St Louis, MO, USA). The children tasted 10 ml of a 0.56 mmol/l PROP solution in distilled water, after which they were asked, 'Do you taste anything?' Children who responded negatively were classified as non-tasters. Those who reported a taste for the solution were then asked what the solution tasted like. Responses of 'bad', 'bitter', 'sour', 'hot', 'fruity', 'like medicine or soap bubbles' and 'yucky' were all recorded as tasters. Children who gave responses of 'like water' and 'sweet' were recorded as non-tasters.
Child food neophobia Information on child food neophobia was obtained through a parent-administered questionnaire. The original Child Food Neophobia Scale (CFNS; Pliner, 1994 ) is a 10-item scale designed to measure children's willingness to sample novel foods. The score on this scale has been shown to correlate highly with behavioral measures of neophobia (Pliner, 1994) . We used the version modified by Cooke et al. (2003 Cooke et al. ( , 2004 , which includes six items applicable to the age range of our sample. The items used are as follows: 'My child does not trust new food'; 'If my child doesn't know what's in a new food, he or she won't try it'; 'My child is afraid to eat things he or she has never had before'; 'My child will eat almost anything' (reverse scored); 'My child is very particular about the foods he or she will eat'; and 'My child is constantly sampling new and different foods' (reverse scored). For each item, the response is on a four-point scale from strongly disagree to agree. The CFNS was calculated as a sum of the responses, yielding a theoretical range of 6-24.
Dietary data
Diet, including vegetable, fruit and soy intake, was assessed using 3-day diet records covering two consecutive weekdays and one weekend day. As our subjects usually ate a schoolprovided lunch, we obtained the menus showing the amount (g) of each food from each preschool and the dietitians estimated the quantity left on each child's plate. Individual food and nutrient intake was estimated using the Japanese Standard Other measurements Information on each child's height, weight, lifestyle, past health history and parental control over the child's eating was obtained from mother. If mother was not available to respond, a parental guardian answered. Parental control was measured using the six-item parental control index, which assesses the extent to which parents use restrictions and pressure to eat to control their child's eating habits (Johnson and Birch, 1994; Robinson et al., 2001) . Maternal intake of vegetables, fruits, soy foods and nutrients was estimated using a 169-item semiquantitative food-frequency questionnaire. Detailed information on the questionnaire, including its validity and reproducibility, has been described elsewhere (Shimizu et al., 1999) . For example, the Spearman correlation coefficients between this questionnaire and 12 daily diet records kept over a 1-year period for total energy, vegetables, fruits and soy foods were 0.53, 0.41, 0.74 and 0.62, respectively.
Statistical analyses
The data for intake of total energy, vegetables, fruits and soy foods estimated from diet records were skewed to the right and hence were logarithmically transformed for statistical analyses. Data for intake of vegetables, fruits and soy foods were adjusted for total energy intake by using the method proposed by Willett et al. (1997) . We computed the geometric means of vegetable, fruit and soy food intake for PROP tasters and non-tasters using analysis of covariance models. Subjects were divided into three groups according to the CFNS score distribution (low, middle or high). The geometric means of plant-based food intake were calculated for the three groups. Age, body mass index, the parental control index and food variety were included as covariates in all models. Tests for linear trend were performed using continuous variables for intake of vegetables, fruits and soy foods. All analyses were conducted using the SAS computer program, version 9.1 (SAS Institute Inc., Cary, NC, USA).
Results
The characteristics of the study subjects are shown in Table 1 . The average CFNS score in boys was similar to that in girls. Total energy intake was statistically significantly higher in boys (n ¼ 167) than in girls (n ¼ 156; P ¼ 0.0001). However, crude intake of vegetables, fruits and soy foods did not differ significantly between boys and girls.
Distributions of crude intake of these plant-based foods in the entire study subjects are shown in Figure 1 . The intake of vegetables, fruits and soy foods ranged from 15 to 485 g/day, 0-514 g/day and 0-399 g/day, respectively.
The means of vegetable, fruit and soy food intake according to the category of PROP sensitivity after adjustment for age, body mass index, parental control index and food variety are shown in Table 2 . Intake of soy foods was significantly higher in non-tasters (n ¼ 53) than tasters (n ¼ 112) in boys (P ¼ 0.028). Neither vegetable intake nor fruit intake was associated with PROP sensitivity among boys. In girls, plant-based food intake was not associated with PROP sensitivity.
The means of vegetable, fruit and soy food intake according to the category of the CFNS scores after adjustment for the covariates are shown in Table 3 . Vegetable and soy food intake was significantly higher in less-neophobic boys than in neophobic boys. Fruit intake was not significantly associated with CFNS. In girls (n ¼ 156), soy food intake tended to be higher among those with higher CFNS scores, but this association was not statistically significant (P ¼ 0.074). There were no significant associations between the CFNS score and vegetable and fruit intake.
The relationships of vegetable, fruit and soy food intake with food neophobia stratified by PROP taster status are shown in Table 4 . In boys, a higher intake of soy foods was associated with a lower CFNS score in PROP tasters but not in non-tasters. The interaction term for PROP status and food neophobia was statistically significant (P ¼ 0.041; n ¼ 165). The mean soy food intake was significantly higher in PROP non-tasters (n ¼ 32) than in tasters (n ¼ 68) among boys with middle or high CFNS scores (31.6 g/day vs 15.8 g/day, P ¼ 0.0019). The inverse association of vegetable intake with CFNS score was similar between tasters and non-tasters in boys. Among girls who were PROP tasters, soy food intake was about 60% lower in those with high CFNS scores than in those with low scores, but this association was not significant.
Additional adjustments for maternal age, height, weight, body mass index, intake of vegetables, fruits or soy foods, current smoking status, educational status and working Plant-based food intake and food neophobia M Tsuji et al status, and presence or absence of brothers or sisters did not substantially alter the results.
Discussion
We found that a high intake of vegetables was significantly associated with a low CFNS score among Japanese boys. Soy food intake was significantly higher among PROP non-tasters than tasters among boys, except those with low CFNS scores. The association of soy food intake with CFNS score was significant for boys who were PROP tasters. It has been thought that children will naturally reject bitter-tasting foods to avoid eating potentially poisonous plants. Food neophobia aids this avoidance mechanism by making a child reject potential food sources with which they have no experience. Harris (1993) indicated that rejection of foods does not occur during the tasting of the foods, which would carry a risk of poisoning, rather rejection happens primarily within the visual domain. Therefore, foods that do not 'look right' to the child will be initially rejected based on vision Values are geometric mean estimated from ANCOVA, with adjustments for age, BMI, parental control index and food variety. Each intake was controlled for total energy intake by using the regression model. b P for linear trend. c For analysis of soy food intake, the numbers were 65, 57 and 43 for the low, middle and high scores, respectively.
alone. Vegetables may be such foods that do not 'look right'. Vegetable intake was associated with food neophobia but not with PROP sensitivity in the present study. Children with high scores for food neophobia may be more likely to have a fear of vegetables because of their visual image independent of their sensitivity to bitter taste, resulting in a low intake of vegetables. On the other hand, soy food intake was associated with food neophobia among boys who were PROP tasters. Soy foods are traditional and common foods in Japan and may not be considered as new foods. Previous experiences with bitter tastes may have implications in this association. In fact, some studies have indicated that experience with tested food items may affect a child's willingness to taste the items (Pliner et al., 1993) . Nevertheless, we have to keep in mind that the perception of bitterness of the soy differs from that of the PROP. The bitter ingredients of soy foods are isoflavones and saponin. Their chemical structures are different from the PROP (Barnicot et al., 1951) . The distributions of PROP sensitivity and food neophobic score were similar between boys and girls, but dietary intake among girls appeared to be less affected by these statuses. Girls may have had exposed to more various foods than boys with the same age, which may explain the difference in results between boys and girls. To our knowledge, seven studies have assessed the association between food neophobia and intake of vegetables and fruits in children. The results of five of the studies showed that food neophobia was significantly inversely associated with intake of vegetables and fruits in preschool children (Cooke et al., 2003 (Cooke et al., , 2004 (Cooke et al., , 2006 Wardle et al., 2005; Coulthard and Blissett, 2009 ). However, the results of separate analyses of boys' and girls' data were not shown in these studies. The present study confirmed the association of food neophobia with intake of vegetables but not of fruits in boys. Another study of 7-year-old girls observed a significant inverse association between food neophobia and intake of vegetables (Galloway et al., 2003) . The remaining study failed to find a significant association between food neophobia and intake of vegetables, as well as fruits among children aged around 10 years (Falciglia et al., 2000) . If food neophobia decreases during late childhood (McFarlane and Pliner, 1997) , the null association may be expected in this age group. However, a recent study of young adults aged 20-25 years reported that food neophobia was inversely associated with use frequency of fruits and vegetables (Knaapila et al., 2011) .
So far, two studies have evaluated the association between PROP sensitivity and dietary intake of vegetables in children. Both the studies assessed consumption of vegetables using food-frequency questionnaires in preschool children in the United States, but no significant association was found (Keller et al., 2002; Lumeng et al., 2008) . These results were similar to those of our study. There has been no study on soy food intake in relation to food neophobia or PROP sensitivity. One study addressed the relationship of preference for soy foods to PROP sensitivity, but the study subjects were young women (mean age ¼ 24.2 years; Gayathri Devi et al., 1997) . The study found that PROP tasters had a reduced liking for plain tofu.
Several limitations of the present study should be mentioned. Because of the cross-sectional design, we could not determine cause-effect relationships. Although food neophobia, as well as sensitivity to bitter taste, has been considered inherent, habitual diet may influence these traits even during early childhood. The nature of food neophobia appears to interplay with various factors, such as social and parental influences and emotional and personality factors. Although we took account of several potential confounders, confounding by other unmeasured factors cannot be excluded. Nevertheless, overadjustment for components of the pathway through which food neophobia can affect dietary intake must be avoided. Further studies are needed to understand the notion of food neophobia. Similar to other dietary assessment methods, diet records are subject to measurement error. However, such error was unlikely to be dependent on the children's PROP sensitivity and food neophobia. There is also a possibility of misclassification of PROP tasters. However, such a misclassification would not be dependent on intake of soy foods. For analysis of soy food intake, the numbers were 44, 41 and 27 for the low, middle and high scores, respectively.
In conclusion, we found a significant association between vegetable intake and food neophobia among boys, supporting the previous findings in western children. Our results suggest that both food neophobia and sensitivity to bitter taste have implications in soy food intake among preschool boys. Further studies are needed to confirm these associations. If the associations are true, effective intervention for children who are neophobic or sensitive to bitter taste should be contrived. Knowing the determinants of food neophobia and taste sensitivity would be helpful. In addition, studies exploring the role of diet during childhood are important.
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